CROSS-REFERENCE TO RELATED APPLICATIONS 

FIELD OF THE BWENTION 
The invention rela.es ,o genetic manipulation of p,an«. particularly to fte 
expression and regulation of GnPm=n„„ , . P riicuiarly to the 

10 °°'^-™''==PJ™PWhoo.lase in transformed plants. 

BACKGROUND OF THE INVENTION 
Gums are derived ftom the seeds of plants which accumulate ce«ain 
polysacchandes as storage pollers. They are capable of fonning ge,s or highly 
vtscous solution at low concent^tions in solvents and have many i dusti^al 
.5 app .cations. Because gums can ahsorh large quantities of water. Ly are 1 as 

rrr:~'^------~^ 

f™^^'-'"— °-«=i<ie Of me food industiy. For example, gums are 
as dyeing and printing aid. in the peti.ll "as 
dnlhng agents for petroleum and gas we„s; in the paper indu^tiy as binders 17 
har ener. i„ .be mining industty for separation of minerals ftom cntde oI-Tn the 
explosive tndustiy to thicken explosive slurries and as desiccants- and ■ 7' 
-tiyto.c.enshampoosandco„d.t.one..A„ewan:~::rr: 
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g™ use is fte pha^aoeudca. indus^ whe. ^ have been reported ,o have 

app .ca„o„s as soluble flba. U,a. ,ower ehoIes,ero. and Wood pressure; as weigh, loss 

rac..a..;asaids.r.heco„n.Uedre,easeo.d™ss;ini„pro^^^ 

^ l^--- Wrin, Mood giucose; and for p^ionging ,be release of 

5 sugar during strenuous physical exen;ise. 

"8-»--„rre„«ypreparedfto„bac,eriaorfton,p,»,seeds The 
n.a,„ sources of seed-derived indushial gums are «,e sub^opica, plan. Guar 
(Cya„op.^ ,e,ra,ono,o,aX Locus, Bean or carob (C«. sm^ua), Taia 
iCaesalpina sp^nosa). and Fenugreelc iTr„onenafoe„un.„x More ftan 70% 
of nahiral plan, gum is produced from Guar and Locus, Bean 

Seed-dedved gums are classified in,o,wo main ca,egories: galac.on,annans 

^d.ylogl„cans.Galac,omannan.a,i„earpoly„,erofn,aun„syUesidues,suhs«^^^ 
o vao^ng degrees by galacosyl residues, is a „aJor co„s,i,„e„. of the seeds of J 
.egunnnous plants Guar, Fenugreek and Locust Bean. The differences in tte 
prope^ies of the galacomannan gun. are de,em,i„ed by ,he .a„nose:galactose ratio 

^*epolyn,er.whichranges.o„a,owof3inGuar,oahighof4,nLocus,Bean 
L.KUS bean gun, ,s considered ,o be of ,he highes, quality for industrial applications 

and ts the most expensive ofall the plant seed gums. 

Another Cass of plan, gums, xyloglucans, ha. „o, teceived much attention 
perhaps due to me very low yield of ,he source plants. Xyloglucans are the ' 
P-edominant storage polymers in the seeds of Nasturtium iTropaeo,eu. 
Tamartud (T^ar>n,us i„,Ua), and Balsam *a/.a„,„„,. Xylogluc» 

conststs of a Unear glucan backbone substinued wi* xylosyl residues. Th!xylosyl 
residues may be substituted with galactosyl residues 

desirable r "''^ '^"^ ^^"^ " 

2«.™ble to engmcer transgenic plants which over-produce the gums galactomannan 

and/or xyloglucan. The present invention provides compositions and methods for the 
overexpressron of enzymes and substrates required for the synthesis of the gum 
galactomannan. ^ 
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SUAIMARY OF THE INVENTION 
The synthesis of the gum galactomaiinan is catalyzed hv th. 
synthase and galactosyl trp..f ^ catalyzed by the enzymes mannan 

galactosyl transferase, from the substrates GDP-mannose and T JDP 
galactose (Figure 1). The formation of the substrate GDP n, T 

5 Phosphate and OTP, is catalyzed by the .^^2^ 

Tu enzyme CrDP-mannose pyroDhosDhorvl5,c« 

production in plants, plant cells and plant tissues. ' 

Protein glycosylation is required for cell growth rnp 
0 for glycosylation of proteins T7,eref ""^^"^^^^^^^ ^« ^ substrate 

iprotems. Therefore, down-regulation of GDP-mannose 
pyrophosphorylase will result in decreased leyels of GDP man T 
decreases in protein glycosylation TU u ^ ° "^"^-"^^"^^ ^^n^^o^tant 

P ^^"S^Wlation. Thus, by down-regulating GDP-mamiose 
pyrophosphorylase, cell growth may be inhibited Thenre V 
antisense nucleic acids for GDP ^"'^"''^^ 
decreasing GDP ^^^^ Pyrophosphorylase which haye use in 

decreasing GDP-mam.ose pyrophosphorylase and GDP-mannose leyels Also 

provided are expression cassettes encoding truncated GDP-mannose 
P>.ophospho:ylase for reduction ofGDP-mannosepyrophosphoiylaseleyels by 

anase.se RNAsftereof such T"™""'""''"''^^^^ 

AS thereof. Such sequences find use in regulating the levels of GnP 

BRIEF DESCW,N OF THE DRAWINGS 

.aiactoir:' 
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Figure 2 sets for^he nucleotide sequence for the maize GDP-mannose 
pyrophosphorylase gene (SED ID NO:l). 

Figure 3 sets forth the^j^cid sequence for the maize GDP-mannose 

pyrophosphorylase (SEQ ID 

5 ^ Figure 4 schematically il WaW plasmid vector comprising the maize 
GDP™ose pyrophosphorylase gene ^bly linked to the Ubiquitin promoter. 

DETAILED DESCRIPTION OF THE INVENTION 
The preW invention discloses compositions and methods for the synthesis of 
the gum galactom^ in non-legume plants, plant cells and specific tissues, as well 

for the mcreased ex^ion in leguminous plants, plant cells and specific tissues 
The methods involve mod^J^ion of the levels of enzymes in the galactomam^an 
biosynthetic pathway. The sy^is of the gum galactomannan is catalyzed by the 
enzymes mannan synthase and gal^yl transferase, fi-om the substrates GDP- 
mannose and UDP-galactose (Figure l)Nq;e fonnation of the substrate GDP- 
mannose, fi-om mannose-l-phosphate and gW is catalyzed by the enzyme GDP- 
mannose pyrophosphorylase. ^ 

The methods of the invention involve manipulating the pathway for gum 
production by over-expressing or up-regulaling at least one enzyme in the 
btosynthetio pathway. By overexpression or up-regulatio„ is meant causing an 
ittorease of 0.2-200 fold in fl,e level of an RNA, enzyme or suhst»te in a transformed 
plant, as compared with the non-.ransfo,™ed plant. Preferably, tt,e increase is 0 5-150 
fold, and more preferably 1-100 fold. A key step in production of the gum 
galactomamran is providing an adequate supply of substrates, which include GDP- 
mannose and UDP-galactose. Thus, in panicular the nucleotide sequence for maize 
GDP-mannose pyrophosphotyla^ is provided for use in priming gum ptoducdon I, 
.s recogmzed that if other enzymes in the galactomamtan biosynthetic pathway are 
.denffled, they can be used to manipulate gum production or precursor accumulation 
m plants of interest. 



RTAOl /2066476V 1 



-4- 



Atty Docket No: 5718-55 



10 



f 15 



Compo.«i„„, also comprise a„,ise„se constacts for enzymes of fte 
galac-omanna. biosynftetic pathway. Such composMons have use in down- 
rc^l^un, U,e levels of enzymes a„d/or suhsh.,es of ,he galaComaunan biosy„u,e«c 
pa.way.Wheuap,a„,ca^esa„ccopy„f.e„,o,._„,,„„,^^^^^^^ 
bo* genes may be silenced. This phenomenon is .ermed cosupp„.s,o„ 

hosyntheftc paftway, preferably encoding a m,„ca.ed GDP-mamrose 

paftway. By down-regularion is mean, causing a decrease of abou, 0.1-1000 fold 
preferably abou, 1-500 fold, and mo„ preferably abou, 5-100 fold, in a RNA enz;me 
h, a preferred embodimen,. composi.ons encoding antisense RnIT 

n^A for GDP-mannose pyrophosphor^lase are provided. Such composi,ions have 
use m decreasing levels of OBP-mannose. a subsn..e for p„,ein glyco^la J Z 

dec^ m a subs.a,e for protein glycosylarion will result in the inhibit.! of 00^ 

.an.puig~xt::rT'°~°"'^^— 

f S ^''°*^^^^°f'h=galac.omam,anbiosyn.hetic pathway in 
.ants. Plan, cells, and specific^ ..sues. By enzymes of «,e galacolannan 
b^os^*e..c pau,way is meant GDXam,ose pyrophospho^lase. mannan synthase 
^galactosyl transferase. It is reco^ .ha. as the galactomannan pathw^ is 
hher elucdated. newly discovered gala^annan biosynthetic enzymes are 
*d.d .n the methods of the invention. CoVsi.ions are nucleic acids rela.mg .0 
genes encodmg enzymes of fte galac.omam,an^the,ic pathway in plants 
P^ferablytoODP-mannosepyrophosphorylaseorX-mannosep;.^^^^^^ 
.ke genes. Preferably, a,e GDP-mannose pyrophospSase is native o maizelr 

leg^mousplant. By native ,omaizeora,egumino„spXmeant.hattheOD; 
mamtose pyrophosphorylase may be present in a naturally oc\,g or cultivated 

specesofma-zeoraleguminousplan.. Nucleotide sequences fl maize GDP- 
mannose py^phosphorylase gene and the amino acid sequence forXoDP-mam^ose 
py^-phosphorylase protein encoded thereby are disclosed, as well as ^gmentsrd 
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variants thereof. These ^uences are set forth in Figures 2 (SEQ ID NO: 1) and 3 
' ^^Q^NO:2). The maize Gi^mannosepyrophophoiylase sequences were 
fll ^closed in U.S. provisional app^tion Serial No: 60/096,782, filed 17 August 1998, 
to which the instant application claim>>qority and which is incorporated herein by 
reference. The sequences find use in the c^Wction of expression vectors for 
subsequent transformation into plants of interei\probes for the isolation of other 
GDP-mannose pyrophosphorylase-like genes, as m^lar markers, and the like. 

By "fragment" is intended a portion of the nucleotide sequence or a portion of 
the amino acid sequence and hence protein encoded thereby. Fragments of a 
nucleotide sequence may encode protein fragments that retain the biological activity 
of the native GDP-mannose pyrophosphorylase protein. Alternatively, fragments of a 
nucleotide sequence that are useful as hybridization probes generally do not encode 
fragment proteins retaining biological activity. Thus, fragments of a nucleotide 
sequence may range from at least about 20 nucleotides, about 50 nucleotides, about 
100 nucleotides, and up to the entire nucleotide sequence encoding the GDP-mannose 
pyrophosphorylase proteins of the invention. 

Fragments of the invention include antisense sequences useful in decreasing 
expression of genes for enzymes of the galactomannan biosynthetic pathway, 
preferably of GDP-mannose pyrophosphorylase genes. Such antisense fragments may 
vary in length ranging from at least about 20 nucleotides, about 50 nucleotides, about 
100 nucleotides, up to and including the entire coding sequence. 

By "variants" is intended substantially similar sequences. The nucleotide 
sequences of the invention and the proteins encoded thereby include the native forms 
as well as variants thereof For nucleotide sequences, conservative variants include 
those sequences that, because of the degeneracy of the genetic code, encode the amino 
acid sequences of galactomannan biosynthetic enzymes, preferably of a GDP- 
mamiose pyrophosphorylase protein. Generally, nucleotide sequence variants of the 
invention will have 70%-99%, generally, 80%-98%, preferably 90-95% sequence 
identity to the native nucleotide sequence. 
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By "variant" protein is intended a protein derived from the native protein by 
deletion (so-called truncation) or addition of one or more amino acids to the N- 
terminal and/or C-terminal end of the native protein; deletion or addition of one or 
more amino acids at one or more sites in the native protein; or substitution of one or 
5 more amino acids at one or more sites in the native protein. The variant proteins will 
be substantially homologous and functionally equivalent to the native proteins. A 
variant of a native protein is "substantially homologous" to the native protein when 
about 80%-99o/o, more preferably about 90%.99%, and most preferably about 95%- 
99% of its amino acid sequence is identical to the amino acid sequence of the native 
10 protein. 

By "functionally equivalent" is intended that the sequence of the variant 
defines a chain that produces a protein having substantially the same biological effect 
as the native protein of interest. Thus, for purposes of the present invention, a 
functionally equivalent variant of GDP-mannose pyrophosphorylase will catalyze the 
15 formation of GDP-mamiose from mamiose-1 -phosphate and GTP. Such fimctionally 
equivalent variants that comprise substantial sequence variations are also 
encompassed by the invention. The nucleotide sequences encoding the GDP- 
mamiose pyrophosphoiylase proteins of interest can be the naturally occurring 
sequence cloned from a plant GDP-mamiose pyrophosphoiylase gene, or they may be 
synthetically derived sequences. Such variants may result from, for example, genetic 
polymorphism or from human manipulation. Methods for such manipulations are 
generally known in the art. For example, amino acid sequence variants of the 
polypeptide can be prepared by mutations in the cloned DNA sequence encoding the 
native protein of interest. Methods for mutagenesis and nucleotide sequence 
alterations are well known in the art. See, for example, Walker and Gaastra, eds. 
(1 983) Techniques in Molecular Biology (MacMillan Publishing Company, New 
York); Kunkel (1985) Proc. Natl Acad. Sci. USA .52:488-492; Kunkel et al. (1987) 
Methods Enzymol 154:361.2Z2- Sambrook et al (1989) Molecular Cloning: A 
Laboratory Manual (Cold Spring Harbor, New York); U.S. Patent No. 4,873,192; and 
the references cited therein; herein incorporated by reference. Guidance as to 
appropriate amino acid substitutions that do not affect biological activity of the 
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protein of interest may be found in the model of Dayhoff al. (1978) Atlas of Protein 
Sequence and Structure (Natl. Biomed. Res. Found., Washington, D.C.), herein 
incorporated by reference. Conservative substitutions, such as exchanging one amino 
acid with another having similar properties, may be preferred. 
> In constructing variants of the GDP-mannose pyrophosphorylase protein of 

mterest, modifications to the nucleotide sequences encoding the variants will be made 
such that variants continue to possess the desired activity. Obviously, any mutations 
made m the DNA encoding the variant protein must not place the sequence out of 
reading frame and preferably will not create complementaiy regions that could 
produce secondaiy mRNA structure. See EP Patent Application PubHcation No 
75,444. 

The genes of the galactomamian biosynthetic enzymes of the invention can be 
optimized for enhanced expression in plants of interest. S ee, for example 
EPA0359472; W091/16432; Perlak et al. (1991) Proc. Natl. Acad. Sci. USA 88-3324- 
^^28; andMurray etal. (1989) Nucleic Acids Res. J 7:477-498. Inthismamier the 
genes can be synthesized utihzing plant-prefeired codons. See, for example, Murray 
etal. (1989) Nucleic Acids Res. 77:477-498, the disclosure of which is incoiporated 
herem by reference. In this mamier, synthetic genes can also be made based on the 

distnbutionofcodons a particular host uses for a particular amino acid. Thus the 
nucleotide sequences can be optimized for expression in any plant. It is reco^ized 
that all or any part of the gene sequence may be optimized or synthetic. That is, 
synthetic or partially optimized sequences may also be used. 

Alternatively, the sequences of the invention can be used to isolate 
corresponding sequences in other organisms, particularly other plants. In this mamier 
methods such as PGR, hybridization, and the like can be used to identify such 
sequences having substantial sequence similarity to the sequences of the invention 
See, for example, Sambrook a/. (1989) Molecular Cloning: A Laboratory Manual 
(2d ed.. Cold Spring Harbor Laboratory Press, Plainview, New York) and Imiis et al 
(1990), PCR Protocols: A Guide to Methods and Applications (Academic Press, New 
York). Coding sequences isolated based on their sequence identity to the entire maize 
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GDP-mannose pyrophosphorylase coding sequences set forth herein or to fragments 
thereof are encompassed by the present invention. 

In a PGR method, nucleotide primers can be designed based on any 12 to 50 
nucleotide stretch, preferably 12-30, nucleotide stretch of contiguous sequence Pairs 
> of pnmers can be used in PGR reactions for amplification of DNA sequences from 
CDNA or genomic DNA extracted from plants of interest. In addition, a single 
specific pnmer with a sequence corresponding to one of the nucleotide sequences 
disclosed herein can be paired with a primer having a sequence of the DNA vector in 
the CDNA or genomic hbraries for PGR amplification of the sequences 5' or 3' to the 
nucleotide sequences disclosed herein. Similarly, nested primers may be used instead 
of a smgle specific primer for the purposes of the invention. Methods for designing 
PGR pnmers and PGR cloning are generally known in the art and are disclosed in 
Sambrook.. a/. il9^9) Molecular Cloning: A Laboratory Manual (26. Cold 
Spnng Harbor Laboratory Press, Plainview, New York). See also Ignis et al eds 
(1 990) PCR Protocols: A Guide to Methods and Applications (Academic Press, New 
York). 

In a hybridization method, the hybridization probes may be genomic DNA 
fragments, cDNA fragments, RNA fragments, or other oligonucleotides, and may be 
labeled with a detectable group such as 32P, or any other detectable marker. Probes 
for hybndization can be made by labeling synthetic ohgonucleotides based on the 
maize GDP-mamiose pyrophosphorylase nucleotide sequences of the invention 
Preparation of probes for hybridization is generally known in the art and is disclosed 
in Sambrook al. (1989) Molecular Cloning: A Laboratory Manual (2d ed Gold 
Spnng Harbor Laboratory Press, Plainview, New York), hereby incorporated by 
reference. The labeled probes can be used to screen cDNA or genomic libraries made 
from plants of interest. Methods for construction of such cDNA and genomic 
libraries are generally known in the art and are disclosed in Sambrook et al (1989) 
Molecular Cloning: A Laboratory Manual (2d ed.. Gold Spring Harbor Laboratory 
Press, Plainview, New York). 
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In hybridization techniques, all or part of the known coding sequence is used 
as a probe that selectively hybridizes to other possible GDP-mannose 
pyrophosphorylase coding sequences present in a population of cloned genomic DNA 
fragments or cDNA fragments (i.e., genomic or cDNA libraries) from a chosen 
5 organism. To achieve specific hybridization under a variety of conditions, such 
probes include sequences that are unique and are preferably at least about 10 
nucleotides in length, and most preferably at least about 20 nucleotides in length. 
Such probes may be used to amplify corresponding GDP-mannose pyrophosphorylase 
coding sequences from a chosen organism by PGR. This technique may be used to 
10 isolate other possible GDP-mannose pyrophosphorylase coding sequences from a 
desired organism or as a diagnostic assay to determine the presence of a GDP- 
^ mannose pyrophosphorylase coding sequence in an organism. Hybridization 

^ techniques include hybridization screening of plated DNA libraries (either plaques or 

^ colonies; see, e.g., Imiis et al., eds. (1990) PCR Protocols: A Guide to Methods and 

^ 15 (Academic Press, New York)). 

-4 The isolated DNA sequences further comprise DNA sequences isolated from 

other plants by hybridization with partial sequences obtained from the maize GDP- 
mannose pyrophosphorylase sequences of the invention. Conditions that will permit 
gl other DNA sequences to hybridize to the DNA sequences disclosed herein can be 

2 20 determined in accordance with techniques generally known in the art. For example, 
hybridization of such sequences may be carried out under conditions of reduced 
stringency, medium stringency, or high stringency conditions. 

The terms "stringent conditions" or "stringent hybridization conditions" 
includes reference to conditions under which a probe will hybridize to its target 
25 sequence, to a detectably greater degree than other sequences (e.g., at least 2-fold over 
background). Stringent conditions are sequence-dependent and will be different in 
different circumstances. By controlling the stringency of the hybridization an/or 
washing conditions, target sequences can be identified which are 100% 
complementary to the probe (homologous probing). Alternatively, stringency 
30 conditions can be adjusted to allow some mismatching in sequences so that lower 
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degrees of similarity are detected (heterologous probing). Generally, a probe is less 
than about 1000 nucleotides in length, preferably less than 500 nucleotides in length. 

Typically, stringent conditions will be those in which the salt concentration is 
less than about 1.5 M Na ion, typically about 0.01 to 1.0 M Na ion concentration (or 
other salts) at pH 7.0 to 8.3 and the temperature is at least about 30°C for short probes 
(e.g., 10 to 50 nucleotides) and at least about 60°C for long probes (e.g., greater than 
50 nucleotides). Stringent conditions may also be achieved with the addition of 
destabilizing agents such as foimamide. By "low stringency conditions" is meant 
hybridization with a buffer solution of 30% formamide, 1 M NaCl, 1% SDS(sodium 
dodecyl sulphate) at 37°C, and a wash in 2X SSC (20X SSC = 3.0 M NaCl/0.3 M 
trisodium citrate) at 50°C. By "moderate stringency conditions" is meant 
hybridization in 40% formamide, 1 M NaCl, 1% SDS at 37''C, and a wash in IX SSC 
at 60°C. By "high stringency conditions" is meant hybridization in 50% formamide, 
1 M NaCl, 1 % SDS at 37°C, and a wash in 0. IX SSC at 60 to 65°C. 

Specificity is typically the function of post-hybridization washes, the critical 
factors being the ionic strength and temperature of the final wash solution. For DNA- 
DNA hybrids, the Tn, can be approximated fi-om the equation of Meinkoth and Wahl, 
Anal. Biochem 7i<?:267-284 91984): = 81.5°C + 16.6 (log M) + 0.41 (%GC) - 
0.61 (% form) - 500/L; where M is the molarity of monovalent cations, %GC is the 
percentage of guanosine and cytosine nucleotides in the DNA, % form is the 
percentage of formamide in the hybridization solution, and L is the length of the 
hybrid in base pairs. The Tn, is the temperature (under defined ionic strength and pH) 
at which 50% of a complementary target sequence hybridizes to a perfectly matched 
probe. T„ is reduced by about 1°C for each 1% of mismatching; thus, T^, 
hybridization and/or wash conditions can be adjusted to hybridize to sequences of the 
desired identity. For example, if sequence with >90% identity are sought, the T^ can 
be decreased 10°C. Generally, stringent conditions are selected to be about 5°C lower 
than the thermal melting point (T^) for the specific sequence and its complement at a 
defined ionic strength and pH. However, severely stringent conditions can utilize a 
hybridization and/or wash at 1, 2, 3, or 4°C lower than the thermal melting point (T„); 
moderately stringent conditions can utilize a hybridization and/or wash at 6, 7, 8, 9, or 
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10°C lower than the thermal melting point (T^); low stringency conditions can utilize 
a hybridization and/or wash at 1 1, 12, 13, 14, 15, or 20°C lower than the thermal 
melting point (Tm), Using the equation, hybridization and wash compositions, and 
desired T^, those of ordinary skill will understand that variations in the stringency of 
hybridization and/or wash solutions are inherently described. If the desired degree of 
mismatching results in a of less than 45°C (aqueous solution) or 32°C (formamide 
solution) it is preferred to increase the SSC concentration so that a higher temperature 
can be used. An extensive guide to the hybridization of nucleic acids is found in 
Tijssen, Laboratory Techniques in Biochemistry and Molecular Biology- 
Hybridization with Nucleic Acid Probes, Part I, Chapter 2 "Overview of principles of 
hybridization and the strategy of nucleic acid probe assays", Elsevier, New York 
(1993); and Current Protocols in Molecular Biology, Chapter 2, Ausubel, et al., Eds., 
Greene Publishing and Wiley-Interscience, New York (1995). 

In general, sequences that confer GDP-mannose pyrophosphoiylase activity 
and hybridize to the reference DNA sequences disclosed herein will have at least 
70%, at least 75%, at least 80%, at least 85%, at least 90% and most preferably about 
95-100% sequence identity to the reference GDP-mannose pyrophosphorylase 
sequences of the present invention. 

Methods of alignment of sequences for comparison are well-known in the art. 
For example, optimal alignment of sequences for comparison may be conducted by 
the local homology algorithm of Smith and Waterman (1981) Adv. Appl Math, 2:482; 
by the homology alignment algorithm of Needleman and Wunsch (1970) J. MoL Biol 
48:443; and by the search for similarity method of Pearson and Lipman (1988) Proc, 
Natl. Acad, Set 85:2444. For the purposes of the instant invention, sequence identity 
is determined by the GAP program, version 10 in the Wisconsin Genetics Software 
Package, Genetics Computer Groups (GCG) (575 Science Drive, Madison, 
Wisconsin) using the default settings. See, Ausubel et al, eds. (1995) Current 
Protocols in Molecular Biology, Chapter 19 (Greene Pubhshing and Wiley- 
Interscience, New York). 
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The sequences of the invention are useful to transform plants and manipulate 
the levels of the enzymes of the galactomannan biosynthetic pathway, preferably of 
GDP-mannose pyrophosphorylase in the transformed plant. Such manipulation 
provides the ability to up-regulate or down-regulate the production of the gum 
galactomannan and/or of substrates in the galactomannan biosynthetic pathway such 
as GDP-mannose. Toward this end, the sequences of the invention may be utilized ii 
expression cassettes with either constitutive or tissue-specific promoters. 

Constitutive promoters would provide a constant supply of one or more 
enzymes of the galactomannan biosynthetic pathway throughout the plant. 
Ahematively, a constitutive promoter driving the expression of antisense RNA to an 
mRNA of the galactomman biosynthetic pathway would result in a decrease in an 
enzyme of the galactomannan pathway, and a concomitant decrease in gum 
production. Furthermore, constitutive expression of an antisense RNA to a GDP- 
mannose pyrophosphorylase mRNA would result in a decrease in GDP-mannose, a 
precursor of protein glycosylation, inhibit cell growth or cause cell death. Such 
constitutive promoters include, for example, the core promoter of the Rsyn7 
(copending U.S. Patent Application Serial No. 08/661,601); the promoter for the 
small subunit of ribulose-l,5-bis-phosphate carboxylase; promoters from tumor- 
inducing plasmids of Agrobacterium tumefaciens; such as the nopaline synthase and 
octopine synthase promoters; and viral promoters such as the cauUflower mosaic viruj 
(CaMV) 19S and 358 promoters; the figwort mosaic virus 35S promoter; the rice 
actin promoter (McEkoy et al. (1990) Plant Cell 2: 163-171); the ubiquitin promoter 
(Christensen et al. (1989) Plant Mol. Biol. 72:619-632 and Christensen et al. (1992) 
Plant Mol. Biol. 7<S:675-689); pEMU (Last et al. (1991) Theor. Appl. Genet. 57:581- 
588); the MAS promoter (Velten et al. (1984) EMBO J. 5:2723-2730); the ALS 
promoter (U.S. Patent Application Serial No. 08/409,297), and the like. Other 
constitutive promoters include, for example, U.S. Patent Nos. 5,608,149; 5,608,144; 
5,604,121; 5,569,597; 5,466,785; 5,399,680; 5,268,463; and 5,608,142. For beans, 
Scpl is a preferred constitutive promoter. 
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Alternatively, it may be desired to express an enzyme of the galactomannon 
biosynthetic pathway in a tissue-specific manner. Thus tissue-specific promoters, 
particularly seed-preferred promoters may be used. Examples of tissue-specific 
promoters include seed-preferred, leaf-specific, and tassel-specific promoters. Seed- 
5 preferred promoters include both seed-specific promoters (those promoters active 
during seed development such as promoters of seed storage proteins) as well as seed- 
germinating promoters (those promoters active during seed germination). See 
Thompson et al, (1989) BioEssays lOAOS, incorporated herein in its entirety by 
reference. Such seed-preferred promoters include, but are not limited to, Ciml 
1 0 (cytokinin-induced message); cZ 1 9B 1 (maize 1 9KDa zein); and celA (cellulose 
synthase). Gama-zein is a preferred endosperm-specific promoter. Glob-1 is a 
P preferred embryo-specific promoter. For dicots, seed-specific promoters include, but 

4j are not limited to, bean b-phaseolin, napin, p-conglycinin, soybean lectin, and the like. 

s| For monocots, seed-specific promoters include, but are not limited to, maize 15kD 

J 1 5 zein, 22kD zein, 27kD zein, g-zein, waxy, shrunken 1 , shrunken 2, globulin 1 , etc. 
y j Leaf-specific promoters include, Yamamoto et al. (1997) Plant J. I2(2):255-265 ; 

^ Kawamata et al. (1997) Plant Cell Physiol. 3 8 (7) :7 92-803; Hansen et al. (1997) Mol. 

g Gen. Genet. 254(3):337-343; Russell et al. (1997) Transgenic Res. 6(2) :157 -168; 

jf Rinehart et al. (1 996) Plant Physiol. I J 2(3) : 1 33 1 - 1 34 1 ; Van Camp et al. (1 996) Plant 

h 20 Physiol. 112(2):525-535; Canevascini et al. (1996) Plant Physiol. 112(2):5\3-52A; 
~ Yamamoto et al. (1994) Plant Cell Physiol. 35(5):773-778; Lam (1994) Results 

Probl. Cell Differ. 20:181-196; Orozco et al. {1993) Plant Mol. Biol. 23(6):U29- 
1138; Matsuokaefa/. (1993) Proc. Natl. Acad. Sci. USA 90(20):9586-9590; and 
Guevara-Garcia a/. (1993) Plant J. '/C5;:495-505. However, other promoters usefiil 
25 in the practice of the invention are known to those of skill in the art. 

Tissue-specific promoters may also be use to express antisense RNAs to 
mRNAs of the galactomannan biosynthetic pathway. In one embodiment, a tissue- 
specific and inducible promoter is used to drive expression of an antisense RNA to a 
GDP-mannose pyrophosphorylase mRNA. Induction of the anti-sense RNA in a 
30 specific tissue to result in the inhibition of growth of that tissue. Such induction 
would be usefiil to inhibit the growth of a plant tissue after it has performed its 
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function, yet continues to draw on the energy resources of the plant for its 
maintenance. An example of this tissue type is com tassel. 

The sequences of the invention may be used in expression cassettes for 
expression in any plant of interest. Where expression cassettes are needed, such 
expression cassettes will comprise a transcriptional initiation region linked to the 
coding sequence or antisense sequence of the nucleotide of interest. Such an 
expression cassette is provided with a plurality of restriction sites for insertion of the 
sequence to be under the transcriptional regulation of the regulatory regions. The 
expression cassette may additionally contain selectable marker genes. 

The transcriptional initiation region, the promoter, may be native or analogous 
or foreign or heterologous to the plant host. By foreign is intended that the 
transcriptional initiation region is not found in the native plant into which the 
transcriptional initiation region is introduced. As used herein, "heterologous" in 
reference to a nucleic acid is a nucleic acid that originates from a foreign species, or, 
if from the same species, is substantially modified from its native form in composition 
and/or genomic locus by deliberate human intervention. For example, a promoter 
operably linked to a heterologous structural gene is from a species different from that 
from which the structural gene was derived, or, if from the same species, one or both 
are substantially modified from their original form. A heterologous protein may 
originate from a foreign species or, if from the same species, is substantially modified 
from its original form by deliberate human intervention. Additionally, the promoter 
may be the natural sequence or altematively a synthetic sequence. As used herein a 
chimeric gene comprises a coding sequence operably linked to a transcription 
initiation region that is heterologous to the coding sequence. 

The transcriptional cassette will include in the 5'-to-3' direction of 
transcription, a transcriptional and translational initiation region, a DNA sequence of 
interest, and a transcriptional and translational termination region functional in plants. 
The termmation region may be native with the transcriptional initiation region, may 
be native with the DNA sequence of interest, or may be derived from another source. 
Convenient termination regions are available from the Ti-plasmid of A. tumefaciens, 
such as the octopine synthase and nopaline synthase termination regions. See also 
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Guerineau et al (1991) MoL Gen. Genet. 262:\A\-\A4\ Proudfoot (1991) Cell 64:671- 
674; Sanfacon et al, (1991) Genes Dev, 5:141-149; Mogen et al. (1990) Plant Cell, 
2:1261-1272; Munroe et al, (1990) Gene P7:151-158; Dallas et al, (1989) Nucleic 
Acids Res. 77:7891-7903; Joshi et al. (19S7) Nucleic Acids Res. 75:9627-9639. 
5 Nucleotide sequences of the invention are provided in expression cassettes for 

expression in the plant of interest. The cassette will include 5' and 3' regulatory 
sequences operably linked to the sequence of interest. The cassette may additionally 
contain at least one additional sequence to be co -transformed into the organism. 
Altematively, the additional sequence(s) can be provided on another expression 
10 cassette. 

In preparing the expression cassette, the various DNA fragments may be 
manipulated, so as to provide for the DNA sequences in the proper orientation and, as 
appropriate, in the proper reading frame. Toward this end, adapters or linkers may be 
employed to join the DNA fragments or other manipulations may be involved to 
15 provide for convenient restriction sites, removal of superfluous DNA, removal of 
restriction sites, or the like. For this purpose, in vitro mutagenesis, primer repair, 
restriction, annealing, resubstitutions, e.g., transitions and transversions, may be 
involved. 

The sequences of the present invention can be used to transfomi or transfect 
20 any plant. In this manner, genetically modified plants, plant cells, plant tissue, seed, 
and the like can be obtained. Plants of particular interest include grain plants which 
provide seeds of interest, oil seed plants and leguminous plants. Seeds of interest 
include grain seeds, such as com, wheat, barley, rice, sorghum, rye, etc. Oil seed 
plants include cotton, soybean, safflower, sunflower, Brassica, alfalfa, etc. 
25 Leguminous plants include beans and peas. Beans include guar, locust bean, 

fenugreek, soybean, garden beans, cowpea, mungbean, lima bean, fava bean, lentils, 
chickpea, etc. 

Transformation protocols as well as protocols for introducing nucleotide 
sequences into plants may vary depending on the type of plant or plant cell, i.e, 
30 monocot or dicot, targeted for transformation. Suitable methods of introducing 

nucleotide sequences into plant cells and subsequent insertion into the plant genome 
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include microinjection (Crossway et al (1986) Biotechniques ^:320-334), 
electroporation (Riggs et al, (1986) Proa Natl Acad. Set USA 55:5602-5606, 
Agrobacterium-m^AidXQA transformation (U.S. Pat. No. 5,563,055), direct gene 
transfer (Paszkowski et al (1984) EMBO J. 5:2717-2722), and ballistic particle 
5 acceleration (see, for example, Sanford et al, U.S. Patent No. 4,945,050; Tomes et al. 
(1995) "Direct DNA Transfer into Intact Plant Cells via Microprojectile 
Bombardment," in Plant Cell Tissue, and Organ Culture: Fundamental Methods, ed. 
Gamborg and Phillips (Springer- Verlag, Berlin); and McCabe et al (1988) 
Biotechnology 5:923-926). Also see Weissinger et al (1988) Annual Rev, Genet, 

10 22:421-477; Sanford et al (1987) Particulate Science and Technology 5:27-37 

(onion); Christou et al (1988) Plant Physiol 57:671-674 (soybean); McCabe et al 
(1988) Bio/Technology 5:923-926 (soybean); Finer and McMullen (1991) In Vitro 
Cell Dev. Biol 27^:175-182 (soybean); Singh et al (1998) Theor. Appl Genet. 
P5:319-324 (soybean); Datta et al (1990) Biotechnology 8:136-1 AO (rice); Klein et al 

15 (1988) Proc, Natl Acad, Set USA 55:4305-4309 (maize); Klein et al (1988) 

Biotechnology 5:559-563 (maize); Klein etal (1988) Plant Physiol 91:AA0-AAA 
(maize); Fromm et al (1990) Biotechnology 5:833-839 (maize); Hooydaas-Van 
Slogteren and Hooykaas (1984) Nature (London) 311:163-16A\ Bytebier et al (1987) 
Proc. Natl Acad. Set USA 5^:5345-5349 (Liliaceae); De Wet et al (1985) in The 

20 Experimental Manipulation of Ovule Tissues, ed. Chapman et al (Longman, New 

York), pp. 197-209 (pollen); Kaeppler et al (1990) Plant Cell Reports P:415-418; and 
Kaeppler et al (1992) Theor. Appl Genet. 5¥:560-566 (whisker-mediated 
transformation); D'Halluin et al (1992) Plant Cell ^: 1495-1505 (electroporation); Li 
et al (1993) Plant Cell Reports 72:250-255 and Christou and Ford (1995) Annals of 

25 Botany 75:407-413 (rice); Osjoda et al (1996) Nature Biotechnology 7^:745-750 
(maize yia Agrobacterium tumefaciens); all of which are herein incorporated by 
reference. 

Plant cells expressing GDP-mannose pyrophosphorylase may be detected by a 
variety of methods known to those skilled in the art. See, for example, Szumilo et al, 
30 (1993) J, Biol Chem. 255:17943-17950, the contents of which are incorporated by 
reference. Such assays include Northem assays for the detection of GDP-mannose 
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pyrophosphorylase mRNA {See Sambrook et al (1989) A Laboratory Manual (2d ed.. 
Cold Spring Harbor Laboratory Press, Plainview, N.Y.)); enzymatic assays for GDP- 
mannose pyrophosphorylase activity and assays for levels of GDP-mannose. 

The modified plant may be grown into plants in accordance with conventional 
ways. See, for example, McCormick et al (1986) Plant Cell Reports 5:81-84. These 
plants may then be grown, and either pollinated with the same transformed strain or 
different strains, and the resulting hybrid having the desired phenotypic characteristic 
identified. Two or more generations may be grown to ensure that the subject 
phenotypic characteristic is stably maintained and inherited and then seeds harvested 
to ensure the desired phenotype or other property has been achieved. 

The following examples are offered by way of illustration and not by way of 
limitation. 



EXPERIMENTAL 
Example 1: Incorporation of GDP-Mannose Pyrophosphorylase DNA 
Sequences into Expression Vectors 

A fuU-lengdi cDNA sequence encoding maize GDP-mannose 
pyrojw)sphorylase gene was isolated from the maize genomic project. Maize root 

M culture cell cDNA libraries were constructed according to the manufactm-er's 
instructions (Gibco-BRL\ cDNA clones were partially sequenced from 5 '-end. 5'- 
sequences of cDNA clones ^re then compared to the Saccharomyces cerevisiae 
V1G9 GDP-mannose pyropho^horylase gene (Hashimoto et al, (1997) J. Biol 
Chem, 272:16308-16314) with th^lastX subroutine. A clone that showed 
significant homology to the gene w^sequenced completely. The nucleotide 
sequence and the deduced amino acid W[uence are set forth in Figures 2 (SEQ ID 
NO:l) and 3 (SEQ ID N0:2), respectively Gene sequences are cloned into aplasmid 
vector, such as that shown in Figure 4, in thk sense orientation so that they are under 
the transcriptional control of the ubiquitin pror^ter. A selectable marker gene may 
reside on this plasmid or may be introduced as pa^ of a second plasmid. The 
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^.C^ b 



lation construct is thenWailable for introduction into maize embryos by 
[bardment methods as describedSn Example 2. 

Example 2: Transformation and Regeneration of Maize Callus 



10 



Immature maize embryos from greenhouse donor plants are bombarded with a 
plasmid containing the GDP-mannose pyrophosphorylase gene of the invention 
operably linked to the ubiquitin promoter plus a plasmid containing the selectable 
marker gene PAT (Wohlleben et al (1988) Gene 70:25-31) that confers resistance to 
the herbicide Bialophos. Transformation is performed as follows. All media recipes 
are in the Appendix. 



Preparation of Target Tissue 

The ears are surface sterilized in 30% Chlorox bleach plus 0.5% Micro 
15 detergent for 20 minutes, and rinsed two times with sterile water. The immature 
embryos are excised and placed embryo axis side down (scutellum side up), 25 
embryos per plate. These are cultured on 560 L medium for 4 days prior to 
bombardment, in the dark. The day of bombardment, the embryos are transferred to 
560 Y medium for 4 hours, arranged within the 2.5-cm target zone. 

20 

Preparation of DNA 

A plasmid vector comprising the GDP-mannose pyrophosphorylase gene of 
the invention operably linked to the ubiquitin promoter is constructed. This plasmid 
DNA plus plasmid DNA containing a PAT selectable marker is precipitated onto 1.1 
25 [am (average diameter) tungsten pellets using a CaCl2 precipitation procedure as 
follows: 

100 |il prepared tungsten particles in water 
10 ^il (1 ^ig) DNA in TrisEDTA buffer (1 ^ig total) 
100 \i\ 2.5MCaCl2 
30 10 |al 0.1 M spermidine 
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10 



15 



Each reagent is added sequentially to the tungsten particle suspension, while 
maintained on the multitube vortexer. The final mixture is sonicated briefly and 
allowed to incubate under constant vortexing for 10 minutes. After the precipitation 
period, the tubes are centrifuged briefly, liquid removed, washed with 500 ml 100% 
ethanol, and centrifiiged for 30 seconds. Again the liquid is removed, and 105 jxl 
100% ethanol is added to the final tungsten particle pellet. For particle gun 
bombardment, the tungstenA)NA particles are briefly sonicated and 10 ^l spotted onto 
the center of each macrocarrier and allowed to dry about 2 minutes before 
bombardment. 

Particle Gun Treatment 

The sample plates are bombarded at level #4 in particle gun #HE34-1 or 
#HE34-2. All samples receive a single shot at 650 PSI, with a total often aliquots 
taken firom each tube of prepared particles/DNA. 



Subsequent Treatment 

Following bombardment, the embryos are kept on 560Y medium for 2 days, 
then transferred to 560R selection medium containing 3 mg/liter Bialophos, and 
subcultured every 2 weeks. After approximately 10 weeks of selection, selection- 

20 resistant callus clones are sampled for PGR and activity of the GDP-mannose 

pyrophosphorylase gene of interest. Positive cultures are transferred to 28 8 J medium 
to initiate plant regeneration. Following somatic embryo maturation (2-4 weeks), 
well-developed somatic embryos are transferred to medium for germination and 
transferred to the lighted culture room. Approximately 7-10 days later, developing 

25 planflets are transferred to medium in tubes for 7-10 days until plantlets are well 
established. Plants are then transferred to inserts in flats (equivalent to 2.5" pot) 
containing potting soil and grown for 1 week in a growth chamber, subsequently 
grown an additional 1-2 weeks in the greenhouse, then transferred to classic 600 pots 
(1.6 gallon) and grown to maturity. Plants are monitored for expression of the GDP- 

30 mannose pyrophosphorylase gene of interest. 
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APPENDIX 



Ingredient 


Amount 


Unit 


D-I H2O 


900 


ml 


CHU (N6) Basal Salts (SIGMA C-1416) 


1.600 


g 


N6 Macronutnents lOX Stock ## 


60 


ml 


Potassium Nitrate 


1.680 


g 


B5H Minor Salts lOOOX ### 


0.6 


ml 


B5H Fe Na EDTA lOOX #### 


6.0 


ml 


Enksson's Vitamin Mix (lOOOX SIGMA-151 1) 


0.4 


ml 


S & H Vitamin Mixture lOOX Stock (S3766) 


6.0 


ml 


Thiamine.HCL 0.4mg/ml 


0.5 


ml 


L-Proline 


1.980 


g 


Casein Hydrolystate (acid) 


0.300 


g 


Sucrose 


20.000 


g 


Glucose 


0.600 


g 


2,4-D 0.5 mg/ml 


1.6 


ml 


Gelrite @ 


2.000 


g 


Dicamba 1 mg/ml # 


1.2 


ml 


Silver Nitrate 2 mg/ml # 


1.7 


ml 
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Directions: 

@= Add after bringing up to volume 
#= Add after sterilizing and cooling to temp. 
Dissolve ingredients in polished D-I H2O in sequence 
5 Adjust to pH 5.8 

Bring up to volume with polished D-I H2O after adjusting pH 
Sterilize and cool to 60°C 

.##= Dissolve 1.660 g of Calcium Chloride Dihydrate in 950 ml of polished D-I H2O. 
Then dissolve 4.629 of Ammonium Sulfate; 4.000 g of Potassium Phosphate 
1 0 Monobasic KH2PO4; 1 .850 g of Magnesium Sulfate 7-H2O, MgS04, THjO; and 

28.300 g of Potassium Nitrate into sequence. Bring up to volume with polished D-I 
H2O. 

### = Dissolve 3.000 g of Boric Acid; 10.000 g of Manganous Sulfate Monohydrate; 
0.250 g of Sodium Molybdate Dihydrate; and 0.750 g of Potassium Iodide in polished 
1 5 D-I H2O in sequence. Bring up to volume with polished D-I H2O. 

#### = Dissolve 3.700 g of Disodium EDTA Dihydrate and 2.790 g of Ferrous 
Sulfate 7-Hydrate into D-I H2O. Bring up to volume with D-I H2O. 
Total Volume (L) = 1 
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Ingredient 


Amount 


Unit 


D-I H2O 


900 


ml 


CHU (N6) Basal Salts (SIGMA C-1416) 


1.600 


g 


N6 Macronutrients lOX Stock ## 


60 


ml 


Potassium Nitrate 


1.680 


g 


B5H Minor Salts 1 OOOX ### 


0.6 


ml 


B5H Fe Na EDTA lOOX #### 


6.0 


ml 


Enksson's Vitamin Mix (lOOOX SIGMA- 15 11) 


0.4 


ml 


S & H Vitamin Mixture lOOX Stock (S3766) 


6.0 


ml 


Thiamine.HCL 0.4mg/ml 


0.5 


ml 


L-Proline 


1.980 


g 


Casein Hydrolysate (acid) 


0.300 


g 


Sucrose 


20.000 


g 


Glucose 


0.600 


g 


2, 4-D 0.5mg/ml 


1.6 


ml 


Gelnte @ 


2.000 


g 


Dicamba Img/ml # 


1.2 


ml 


Silver Nitrate 2mg/ml # 


1.7 


ml 


Bialaphos 1 mg/ml # 


3.0 


ml 
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Directions: 

@ = Add after bringing up to volume 
# = Add after sterilizing and cooling to temp. 
5 Dissolve ingredients in polished D-I H2O in sequence 
Adjust to pH 5.8 

Bring up to volume with polished D-I H2O after adjusting pH 
Sterilize and cool to 60°C. 

### = Dissolve 1.660 g of Calcium Chloride Dihydrate in 950 ml of pohshed D-I 
0 H2O. Then dissolve 4.629 of Ammonium Sulfate; 4.000 g of Potassium Phosphate 
Monobasic KH2PO4; 1.850 g of Magnesium Sulfate 7-H2O, MgS04, 7H2O; and 
28.300 g of Potassium Nitrate into sequence. Bring up to volume with polished D-I 
H2O. 

### = Dissolve 3.000 g of Boric Acid; 10.000 g of Manganous Sulfate Monohydrate; 
5 0.250 g of Sodium Molybdate Dihydrate; and 0.750 g of Potassium Iodide in polished 
D-I H2O in sequence. Bring up to volume with pohshed D-I H2O. 
#### = Dissolve 3.700 g of Disodium EDTA Dihydrate and 2.790 g of Ferrous 
Sulfate 7-Hydrate into D-I H2O. Bring up to volume with D-I H20. 
Total Volume (L) = 1 
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Ingredient 


Amount 


Unit 




D-I H2O 


900 


ml 




CHU (N6) Basal Salts (SIGMA C-1416) 


1.600 


g 




N6 Macronutrients lOX Stock ## 


60 


ml 




Potassium Nitrate 


1.680 


g 




B5H Minor Salts lOOOX ### ' 


0.6 


ml 




B5H Fe Na EDTA lOOX #### 


6.0 


ml 




Eriksson's Vitamin Mix (lOOOX SIGMA-151 1) 


0.4 


ml 




S & H Vitamin Mixture lOOX Stock (S3 766) 


6.0 


ml 




Thiamine.HCL 0.4mg/ml 


0.5 


ml 


Ly 


Sucrose 


20.000 


g 


=£ 


Glucose 


0.600 


g 




2, 4-D 0.5mg/ml " ' 


1.6 


ml 




Gelnte @ 


2.000 


g 




Dicamba Img/ml # 


1.2 


ml 




Silver Nitrate 2mg/ml # 


0.425 


ml 




Bialaphos 1 mg/ml # 


3.0 


ml 
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Directions: 

@ = Add after bringing up to volume 
# = Add after sterilizing and cooling to temp. 
5 Dissolve ingredients in polished D-I H2O in sequence 
Adjust to pH 5.8 

Bring up to volume with polished D-I H2O after adjusting pH 
Sterilize and cool to 60°C.## = Dissolve 1.660 g of Calcium Chloride Dihydrate in 
950 ml of polished D-I H2O. Then dissolve 4.629 of Ammonium Sulfate; 4.000 g of 
10 Potassium Phosphate Monobasic KH2PO4; 1.850 g of Magnesium Sulfate 7-H2O, 

MgS04, 7H20; and 28.300 g of Potassium Nitrate into sequence. Bring up to volume 
with polished D-I H2O. 

### = Dissolve 3.000 g of Boric Acid; 10.000 g of Manganous Sulfate Monohydrate; 
0.250 g of Sodium Molybdate Dihydrate; and 0.750 g of Potassium Iodide in polished 
15 D-I H2O in sequence. Bring up to volume with pohshed D-I H2O. 

#### = Dissolve 3.700 g of Disodium EDTA Dihydrate and 2.790 g of Ferrous 
Sulfate 7-Hydrate into D-I H2O. Bring up to volume with D-I H2O. 
Total Volume (L) = 1 
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Ingredient 


Amount 


Unit 




D-I H2O 


800 


ml 




CHU (N6) Basal Salts (SIGMA C-1416) 


1.600 


g 




N6 Macronutrients lOX Stock ## 


60 


ml 




Potassium Nitrate 


1.680 


g 




B5H Minor Salts lOOOX ### 


0.6 


ml 




B5H Fe Na EDTA lOOX #### 


6.0 


ml 




Enksson's Vitamin Mix (lOOOX SIGMA-1511) 


0.4 


ml 




S & H Vitamm Mixture lOOX Stock (S3766) 


6.0 


ml 




Thiamine.HCL 0.4mg/ml 


0.5 


ml 


W 


L-Proline 


1.980 


g 




Casein Hydrolysate (acid) 


0.300 


g 




Sucrose 


120.000 


g 




Glucose 


0.600 


g 




2, 4-D 0.5mg/ml 


1.6 


ml 




Gelnte @ 


2.000 


g , 




Dicamba Img/ml # 


1.2 


ml 




Silver Nitrate 2mg/ml # 


1.7 


ml 
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Directions: 

@ = Add after bringing up to volume 
# = Add after sterilizing and cooling to temp. 
Dissolve ingredients in polished D-I H2O in sequence 
5 Adjust to pH 5.8 

Bring up to volume with polished D-I H2O after adjusting pH 
Sterilize and cool to 60°C. 

### = Dissolve 1.660 g of Calcium Chloride Dihydrate in 950 ml of pohshed D-I 
H2O. Then dissolve 4.629 of Ammonium Sulfate; 4.000 g of Potassium Phosphate 
10 Monobasic KH2PO4; 1 .850 g of Magnesium Sulfate 7-H2O, MgS04, 7H2O; and 

28.300 g of Potassium Nitrate into sequence. Bring up to volume with polished D-I 
H2O. 

## = Dissolve 3.000 g of Boric Acid; 10.000 g of Manganous Sulfate Monohydrate; 
0.250 g of Sodium Molybdate Dihydrate; and 0.750 g of Potassium Iodide in 950 ml 
15 of polished D-I H2O in sequence. Bring up to volume with polished D-I H20.#### = 
Dissolve 3.700 g of Disodium EDTA Dihydrate and 2.790 g of Ferrous Sulfate 7- 
Hydrate into 950 ml of D-I H2O. Bring up to volume with D-I H2O. 
Total Volume (L) = 1 
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Ingredient 


Amount 


Unit 


D-I H2O 


950 


ml 


MS Salts (GIBCO 1 1 1 17-074) 


4.300 


g 


Myo-Inositol 


0.100 


g 


MS Vitamins Stock Solution ## 


5.0 


ml 


Sucrose 


40.000 


g 


Bacto-Agar @ 


6.000 


g 



Directions: 

@ = Add after bringing up to volume 

Dissolve ingredients in polished D-I H2O in sequence 

Adjust to pH 5.6 

Bring up to volume with polished D-I H2O after adjusting pH 
Sterilize and cool to 60°C. 

## - Dissolve 0.100 g of Nicotinic Acid; 0.020 g of Thiamine.HCL; 0.100 g of 
Pyridoxine.HCL; and 0.400 g of Glycine in 875.00 ml of pohshed D-I H2O in 
sequence. Bring up to volume with polished D-I H2O. Make in 400 ml portions. 
Thiamine.HCL & Pyridoxine.HCL are in Dark Desiccator. Store for one month, 
unless contamination or precipitation occur, then make fresh stock. 
Total Volume (L) = I 
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Ingredient 


Amount 


Unit 


D-I H2O 


950 


ml 


MS Salts 


4.300 


g 


Myo-Inositol 


0.100 


g 


MS Vitamins Stock Solution ## ' 


5.0 


ml 


Zeatin .5mg/ml 


1.0 


ml 


Sucrose 


60.000 


g 


Gelrite @ 


3.000 


g 


Indole Acetic Acid 0.5 mg/ml # ~ 


2.0 


ml 


.ImM Absissic Acid 


1.0 


ml 


Bialaphos 1 mg/ml # 


3.0 


ml 



10 



15 



@ = Add after bringing up to volume 

Dissolve ingredients in polished D-I H2O in sequence 

Adjust to pH 5.6 

Bring up to volume with polished D-I H2O after adjusting pH 

Sterilize and cool to 60°C. 

Add 3.5g/L of Gelrite for cell biology. 

## = Dissolve 0.100 g of Nicotinic Acid; 0.020 g of Thiamine.HCL; 0.100 g of 
Pyridoxine.HCL; and 0.400 g of Glycine in 875.00 ml of polished D-I H2O in 
sequence. Bring up to volume with polished D-I H2O. Make in 400 ml portions. 
Thiamine.HCL & Pyridoxine.HCL are in Dark Desiccator. Store for one month, 
unless contamination or precipitation occur, then make fresh stock. 
Total Volume (L) = 1 
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Ingredient 



D-I Water, Filtered 


950 


ml 


CHU (N6) Basal Salts (SIGMA C-1416) 


4.000 


g 


Eriksson's Vitamin Mix (lOOOX SIGMA-151 1 


0.4 


ml 


1 luiirnine.HCL 0.4mg/ml 


1.25 


ml 


Sucrose 


20.000 


g 


2, 4-D 0.5mg/ml 


2.0 


ml 


L-Proline 


2.880 


g 


Gelrite @ 


2.000 


g 


Silver Nitrate 2mg/ml # 
Directions: 


4.25 


ml 



Amount 



Unit 



10 



@ = Add after bringing up to volume 

# = Add after sterilizing and cooling to temp. 

Dissolve ingredients in D-I H2O in sequence 

Adjust to pH 5.8 with KOH 

Bring up to volume with D-I H2O 

Sterilize and cool to room temp. 

Total Volume (L) = 1 
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Ingredient 


Amoimt 


Unit 


D-I Water, Filtered 


950 


ml 


CHU (N6) Basal Salts (SIGMA C-1416) 


4.000 


g 


Eriksson's Vitamin Mix (lOOOX SIGMA-151 1 


1.0 


ml 


Thiamine.HCL 0.4mg/ml 


1.25 


ml 


Sucrose 


30.000 


g 


2, 4-D 0.5mg/ml 


4.0 


ml 


Gelrite @ 


3.000 


g 


Silver Nitrate 2mg/ml # 


0.425 


ml 


Bialaphos Img/ml # 


3.0 


ml 



Directions: 
@ = Add after bringing up to volume 
# = Add after sterilizing and cooling to temp. 
Dissolve ingredients in D-I H2O in sequence 
Adjust to pH 5.8 with KOH 
Bring up to volume with D-I H2O 
Sterilize and cool to room temp. 
Total Volume (L) = 1 
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Ingredient 


Amoimt 


Unit 


D-1 Water, Filtered ' 


950 


ml 


CHU (N6) Basal Salts (SIGMA C-1416) 


4.000 


g 


Eriksson's Vitamin Mix (lOOOX SIGMA-151 1 


1.0 


ml 


Thiamine.HCL 0.4mg/ml ' 


1.25 


ml 




120.000 


g 


2,4-D 0.5mg/ml ^ ^ 


2.0 


ml 


L-Proline 


2.880 


g 


Gelrite @ ■ 


2.000 


g 


Silver Nitrate 2mg/ml # 

Directions: 


4.25 


ml 



@ = Add after bringing up to volume 

# = Add after sterilizing and cooling to temp. 

Dissolve ingredients in D-I H2O in sequence 

Adjust to pH 5.8 with KOH 

Bring up to volume with D-I H2O 

Sterilize and cool to room temp. 

** Autoclave less time because of increased sucrose** 

Total Volume (L) = 1 

All publications and patent applications mentioned in the specification are 
indicative of the level of those skilled in the art to which this invention pertains. All 
pubhcations and patent applications are herein incoiporated by reference to the same 
extent as if each individual publication or patent application was specifically and 
individually indicated to be incoiporated by reference. 

Although the foregoing invention has been described in some detail by way of 
illustration and example for purposes of clarity of understanding, it will be obvious 
that certain changes and modifications may be practiced within the scope of the 
appended claims. 
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